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(57) Abstract: A method is provided for diagnosing the presence of 
a neurological disorder or otherwise assessing the neurological condi- 
tion of a patient. The method also allows the assessment of a treat- 
ment regimen used by a patient. The method includes the collection 
and analysis of ERP data. The method of the invention begins by con- 
ducting a plurality of ERP trials on a patient In an embodiment of the 
invention, the data from the ERP trials in then characterized to produce 
a single characterizing ERP signal vector for the patient Projections 
based on the characterizing ERP signal vector are then generated. The 
projections are compared to infonnation derived from the ERP data 
of patients having known neurological conditions. To perform diag- 
nosis, the projections are compared to standards, such as one or more 
characterizing ERP signal vectors from known healthy patients, and 
one or more characterizing ERP signal vectors from patients known to 
have a disorder. The probable presence or absence of the neurologi- 
cal disorder is decided by a weighted vote of the projections, where 
the weighting is a function of how closely each projection compares to 
the respective standards. Projections can also be used to perform other 
types of neurological assessment, such as tracking a patient's response 
to a treatment regimen, assessing the treatability of a patient with re- 
spect to a particular regimen, or determining the effects of a particular 
regimen. 
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Method and Computer Program Product for Assessing 
Neurological Conditions and Treatments Using Evoked 
Response Potentials 



Background of the Invention 

Statement as to Rights to Inventions Made Under 
Federally^ponsored Research and Development 

Part of the work performed during development of this invention utilized 
U.S. Government funds. The U.S. Government has certain rights in this invention. 

Field of the Invention 

The invention described herein relates to assessment of medical conditions, 
and more particularly to the assessment of neurological conditions through 
statistical methods. 

Related Art 

It is well known that neurological anomalies can be reflected in the 
electrical activity of the brain. Such electrical activity is therefore conmionly used 
to diagnose a variety of neurological disorders or to evaluate the treatment 
thereof Electrical activity in the brain is typically captured and analyzed in the 
form of an electroencephalograph (EEG). 

Neurological diagnosis using EEGs has a number of drawbacks, however. 
An EEG, when viewed as a waveform, can only be analyzed with respect to 
frequency and power. An EEG cannot be analyzed in the time domain given that 
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an EEG represents brain activity uncorrelated to any particular event in time. 
Moreover, EEGs tend to have significant variance over multiple trials even when 
performed on the same individual. This is due, in part, to the tendency of patients 
to react to ambient stimuli while the EEGs are being taken. In addition, EEGs, as 
signals, tend to have a low signal to noise ratio (SNR). Once collected, EEGs are 
difficult to analyze because of these fectors. Analysis of EEGs by medical 
personnel tends to be difficult and time consuming. 

Because of the difficulties in performing EEG analysis, the use of evoked 
response potentials (ERPs) has been proposed. An ERP represents neural 
electrical activity that occurs as a result of a specific sensory stimulus to the 
patient, such as a flash of light or a tone. The electrical activity, measured as 
voltage (that is, potential), is therefore an evoked response to a stimulus. Like an 
EEG, an ERP is typically collected and analyzed as a waveform. Unlike an EEG, 
however, an ERP can be analyzed in the time domain as well as the frequency 
domain. ERPs also tend to be less variable than EEGs over multiple trials on a 
given patient. Nonetheless, as in the case of EEGs, artifacts occur in ERPs and 
their removal is difficult and error-prone. Noise reduction is also difficult. The 
use of ERPs as a diagnostic tool is thus ejqjensive and time consuming. Attempts 
to automate ERP processing have not been widely successfW. 

Hence there is a need for a method of assessing the neurological condition 
of a patient, where the method obtains and processes relatively consistent, low 
noise, artifact-firee data. Moreover, the diagnostic method must be fast, 
inexpensive, and reliable. 

Summary of the Invention 

The invention described herein provides a method of diagnosing the 
presence of a neurological disorder (such as Alzheimer's Disease, depression, or 
schizophrenia), otherwise assessing the neurological condition of a patient, or 
characterizing the results of a treatment regimen used by a patient. The method 
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includes the collection and analysis of ERP data. The method of the invention 
begins by conducting a plurality of ERP trials on a patient. In an embodiment of 
the invention, the data from the ERP trials is then characterized to produce a 
single characterizing ERP signal vector for the patient. This reduces the artifacts 
and noise level in the data. Projections based on the characterizing ERP signal 
vector are then generated. The projections are compared to information derived 
from the ERP dataof patients having known neurological conditions. To perform 
diagnosis, for example, the projections are compared to standards, such as one or 
more characterizing ERP signal vectors from known healthy patients, and one or 
more characterizing ERP signal vectors from patients known to have the disorder. 
The probable presence or absence of the neurological disorder is decided by a 
weighted vote of the projections, where the weighting is a fiinction of how closely 
each projection compares to the respective standards. Projections can also be 
used to perform other types of neurological assessment, such as tracking a 
patient's response to a treatment regimen, assessing the treatability of a patient 
with respect to a particular regimen, or determining the effects of a particular 
regimen. 

Brief Description of the Figures 

The foregoing and other features and advantages of the invention will be 
apparent fitim the foUowing, more particular description of a preferred 
embodiment of the invention, as illustrated in the accompanying drawings. 

FIG. 1 is a flowchart illustrating the diagnosis process, according to an 
embodiment of the invention. 

FIG. 2 is a flowchart illustrating the step of characterizing ERP data, 
according to an embodiment of the invention. 

FIG. 3 illustrates the process of concatenating waveforms that rq)resent 
ERP signals collected by different electrodes, according to an embodiment of the 
invention. 



wo 01/10298 



PCTAJSOO/22441 



-4- 

FIG, 4 illustrates the process of sampling a concatenated signal to produce 
a vector of amplitude values, according to an embodiment of the invention. 

FIG. 5 is a flowchart illustrating the step of conducting a weighted vote 
to facilitate a diagnosis, accordmg to an embodiment of the invention. 

FIG. 6 is a flowchart illustrating the process for assessing the treatability 
of a patient, according to an embodiment of the invention. 

FIG. 7 is a flowchart illustrating the process for assessing the response of 
a patient to a treatment regimen, according to an embodunent of the invention. 

FIG. 8 is a flowchart illustrating the process for assessing the nature and 
extent of side effects resultmg from a treatment regimen, according to an 
embodiment of the invention, 

FIG. 9 is a flowchart illustrating the process for characterizing the results 
of a treatment regimen. 

FIG. 1 0 is a flowchart illustrating a generalized method of an embodunent 
of the invention. 

FIG. 1 1 illustrates an exemplaiy computer system that executes a software 
embodiment of the invention. 

Detailed Description of the Preferred Embodiments 

A preferred embodiment of the present invention is now described with 
reference to the figures where like reference numbers indicate identical or 
functionally similar elements. Also in the figures, the left most digit of each 
reference number corresponds to the figure in which the reference number is first 
used. While specific configurations and arrangements are discussed, it should be 
understood that this is done for illustrative purposes only. A person skilled in the 
relevant art will recognize that other configurations and arrangements can be used 
without departing from the spirit and scope of the invention. It will be apparent 
to a person skilled in the relevant art that this invention can also be employed in 
a variety of other devices and applications. 
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/. Overview 



The invention provides a method of diagnosing a neurological disorder or 
otherwise assessing the neurological condition of a patient The method begins 
with the coUection of ERP signals from the patient under assessment, using 
multiple trials. In an embodiment of the invention, the ERP signals are combined 
overall trials performed on the patient and characterized. This forms a single 
characterizing ERP signal vector of the patient under assessment. A series of 

projectionsofthevectorare then created by eliminating componentsofthe vector. 
An assessment can then be made as to the neurological condition of die patient. 

Diagnosis,for example, can be performed by comparing theprojections to 
ERP signals collected from one or more known healthy patients, in an embodiment 
of the invention. In this embodiment, projections of the vector are also compared 
to ERP signals coUected from one or more patients known to have the 
neurological disorder. A determination can then be made as to whether the patient 
under assessment is afflicted with the disorder, based on these comparisons. In 
other applications of the invention, a patient's projections can be used in tracking 
the patient's response to a treatment regimen, assessing the treatability of the 

patientwitiirespecttoaparticular regimen, or determining the effects experienced 
by a patient as a result of a particular regimen. The invention can also be used to 
evaluate a specific treatment regimen, such as a new drug, by assessing the 
response of a patient to the treatment 

//. Method of Diagnosis 

The method of tiie invention as used in diagnosis, according to one 
embodiment, is iUustiated in flowchart 100 of FIG. 1. The process begins with a 
step 105. In a step 1 10. ERPs are elicited from a patient undergoing diagnosis. 
An ERP represents neural electrical activity tiiat follows a sensory stimulus. 
Examples of such a stimulus are a flash of light or an auditory tone. A single 
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stimulus and the electrical activity that follows constitute a trial. In an 
embodiment of the invention, a stimulus is presented eveiy one to two seconds 
over an interval of approximately two minutes. The electrical activity is measured 
by a set of approximately 20 electrodes, each of wAich measures the voltage, or 
potential, about every ten milliseconds (msec). The result is a set of ERP signals, 
or waveforms, for each electrode, where each waveform lepresaits a response to 
an instance of a stimulus. Each waveform is therefore approximately one to two 
seconds in length. 

In a step 115, fliese ERP signals are combined and characterized to form 
a single characterizing ERP signal vector for the patient under assessment. Such 
a vector represents the patent's overall response to sensory stimuli. The 
characterization is performed in such a manner as to reduce extraneous artifacts 
and improve the SNR of the ERP data. In an embodiment described below, ERP 
signals are averaged over multiple trials. Other embodiments can use other forms 
of characterization, provided that the characterization operation considers aU the 
ERP signals. Moreover, the characterizing ERP signal vector resulting fiom such 
a process must reflect the patient's tendencies with respect to the ERPs v/bile 
minimizing noise and arti&cts. 

In a step 120, projections of the characterizing ERP signal vector are 
generated. A projection of a vector is produced when some of the coordinates of 
thevectorareeUminated. In an embodiment ofthe invention, the coordinates that 
are eliminated are randomly chosen. In an alternative embodiment, the 
coordinates to be eliminated are chosen in a deterministic manner. In either case, 
the result is a group of projections, where each projection is a vector having fewer 
coordinates than the original characterizing ERP signal vector. If the 
characterizing ERP signal vector is viewed as a point in an information space, then 
this step serves to project the characterizing ERP signal vector into information 
subspaces of lower dimension. 

Note that, in an altemative embodiment ofthe invention, projections are 
generated based on the ERP signals themselves rather than on a characterization 
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of the ERP signals. In such an embodiment, the characterization step 1 15 is not 
necessary. Once projections have been generated in step 120, a determination 
can be made as to whether the patient is likely to be afflicted with the neurological 
disorder. In an embodiment of the mvention, this determination includes steps 125 
through 135 of flowchart 100. In step 125, each projection is compared to one 
or more characterizing ERP signal vector of one or more healthy patients, 
respectively. In stqj 130, each projection is compared to one or more 
characterizing ERP signal vectors fix>m one or more patients known to have the 
neurological disorder. For each projection, the goal is to determine, first, how 
closely the projection resembles the characterizing ERP signal vectors of one or 
more healthy patients, and second, how closely the projection resembles die 
characterizing ERP signal vector of one or more afflicted patients. In an 
embodiment of the invention, the comparisons are performed by calculating a 
statistical measure of resemblance (such as correlation) between each projection 
and the characterizing ERP signal vectors of the healthy and afflicted patients, 
respectively. 

In step 1 35, a determination is made as to whether the characterizing ERP 
signal vector of the patient under assessment bears a closer resemblance to that of 
a healthy patient or that of a patient having the neurological disorder. The 
determination is made by a weighted vote of the projections. For each 
characterizing ERP signal vector of a healthy patient, the resemblance statistics 
(e.g., correlations) of all the projections with respect to the characterizing ERP 
signal vector of the healthy patient are summed to create a healthy sum. Likewise, 
for each characterizing ERP signal vector of an afflicted patient, the resemblance 
statistics of all the projections with respect to the characterizing ERP signal vector 
of the afflicted patient are summed to create a disorder sum. All healthy and 
disorder sums are compared to determine whether the patient under assessment 
more closely resembles one of the healthy patients or more closely resembles one 
of the afflicted patients. The result of this comparison can then be used in 
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diagnosis, to determine whether the patient under assessment is likely suffering 
from the disorder. The process concludes with a step 140. 

A. Characterization of ERP Signals 

The characterization step 115 is illustrated in greater detail in FIG. 2. In 
the embodiment shown, the signals captured by each electrode for a given ERP 
trial are concatenated to form a single waveform. This waveform represents all 
the ERP data for the trial. The waveform is then sampled to produce a vector. 
The process is repeated for all trials. The resulting set of vectors includes one 
vector for each trial. The vectors are then averaged, by coordinate, to produce a 
characterizing ERP signal vector for the patient. 

The process begins with a step 200. In steps 205 and 2 1 0, an index value 
i is initialized. InitiaUy, i is set to 1 , so that in a step 2 1 5, the signals collected by 
the electrodes during the first trial, trial 1, are concatenated to form a 
concatenated signal. Step 215 is illustrated graphically in FIG. 3, where signals 
305, 3 1 0, and 3 1 5 are concatenated to form a concatenated signal 320. 

Returning to FIG. 2, in a step 220, the concatenated signal is sampled at 
a predetermmed sampling rate to derive a vector of amplitude values. Sampling 
step 220 is illustrated graphically in FIG. 4. The amplitude, potential 316, of an 
example concatenated signal 400 is measured at fixed intervals, at points to, t„ and 
tj. Theresulting set of amplitudes therefore includes the potentials corresponding 
to these points. These potentials are identified in HG. 4 as potentials 410A, 
410B, and 410C, respectively. In an embodiment of the invention, sampling is 
performed at intervals of approximately 10 msec. 

Returning to FIG. 2, the set of amplitudes sampled in step 220 are saved 
in a single vector, vector 1, corresponding to trial 1. In a step 225, a 
determination is made as to whether the concatenated signal of the final trial has 
been converted into a vector. If not, the process returns to step 2 1 0, where the 
index i is mcremented so that the ERP signals from the next trial can be processed. 
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The ERP signals from the next trial are then concatenated, sampled, and converted 
into a vector. The process continues until the ERP signals from each trial have 
been converted into a vector, one vector per trial. The determination as to 
whether the ERP signals of the final trial have been converted into a vector is 
made in step 225. In a step 230, the vectors are averaged to form a characterizing 
ERP signal vector. This is performed on a per component basis. The nth 
component in the characterizing ERP signal vector is therefore the arithmetic 
mean of the nth components of all the individual vectors. Because the 
characterizing ERP signal vector is a function of all the ERP signals collected fiom 
the patient being diagnosed, noise and artifacts tend to be minimized. The 
characterization process 115 concludes with a step 235. 

B. Comparison of a Characterizing ERP Signal Vector to Known 
Standards 

The comparison step 135 is illustrated in greater detail in FIG. 5. In the 
embodiment illustrated, each projection is compared to one or more characterizing 
ERP signal vectors of one or more healthy patients, respectively. Each projection 
is also compared to one or more characterizing ERP signal vectors of one or more 
afflicted patients, respectively. The corresponding correlations are then derived 
for each projection. The correlations are used to perform a weighted vote to 
decide whether or not the patient is more likely to be afflicted with the disorder. 

Comparison step 135 begins wiA a step 500. In steps 505 and 510, an 
index j is initialized. Index j is used to keep track of the processing of the 
projections. In a step 515, the first projection, projection 1, is correlated to each 
of one or more characterizing ERP signal vectors taken from one or more healthy 
patients, respectively. These characterizing ERP signal vectors are known 
hereinafter as healthy signals. This results in a con-elation statistic, referred to as 
a healthy weight value 1, for each healthy signal. In a step 520, projection 1 is 
correlated to one or more characterizing ERP signal vectors of one or more 
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patients, respectively, where these patients are suffering from the neurological 
disorder. These vectors are known hereinafter as disorder signals. This results in 
a correlation statistic, referred to as a disorder weight value 1, for each disorder 
signal is. In a step 525, a determination is made as to whether all flie projections 
have been correlated and their weight values calculated. If not, the process 
retumsto step 510, wheretheindexj is incremented. The correlation process is 
then performed with respect to the next projection. 

If, in step 525, it is determined that all correlations have been performed 
on all the projections and the weight values determined, then the process continues 
with a step 530. In step 530, for each healthy signal, the healthy weight values are 
summed over all the projections. This produces a healthy sum for each healthy 
signal. In a step 535, for each disorder signal, the disorder weight values are 
summed over all the projections. This produces a disorder sum for each disorder 
signal. In a step 540, the healthy sums and the disorder sums are compared. 
Depending on which state is indicated in a step 545, the patient wiU be identified 
as more likely to have the disorder (a step 550) or more Ukely to be healthy (a step 
555). The detemiination of step 545 is made by analyzing the healthy sums and 
disorder sums. If the largest sum is a healthy sum, for example, the patient under 
assessment may be more likely to be healthy. If the highest sum is a disorder sum, 
on the other hand, the patient under assessment may be more likely to be afflicted 
with the disorder. The process concludes with a step 560. 

ni. Otha- Applications 

The techniques described above can address a range of problems broader 
than the diagnosis of neurological disorders. Examples of such problems, and the 
embodiments of the invention applicable to these problems, are discussed below. 



A. Assessment of Treatability 
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An embodiment of the invention can be used to detennine whether a 
patient having a neurological disorder is treatable using a particular treatment 
regimen. Such a regimen can consist of a particular dosage of a certain drug, such 
as PROZAC in the case of a patient suffering fix>m depression. In this 
embodiment of the invention, projectionsofapatient'sERPdataarecreated. The 
projections are then con^)ared to one or more characterizing ERF signal vectors 
of one or more patients, respectively, known to be treatable by the particular 
treatmait regimen. If the comparison reveals some degree of similarity between 
the condition of the patient under assessment and the condition of the patient(s) 
known to be treatable under the regimen, the treatability of the patient under 
assessment is suggested. 

An embodiment of the invention for the assessment of treatability of a 
patient is illustrated in FIG. 6. The process begins with a step 605. In steps 610 
through 620, ERF data is collected, characterized, and processed to produce 
projections. These steps are analogous to steps 110 through 120 of FIG. 1. A 
determination is then made as to whether the patient is likely to be treatable given 
a particular treatment regimen. In the embodiment illustrated, this is done in a 
step 625 by comparing the projections to information derived fiom ERP data of 
one or more patients known to be treatable by the regimen. The projections can, 
for example, be compared to characterizing ERP signal vectors of the patients 
known to be treatable by the regimen. For each projection and characterizing 
ERP signal vector, a degree of correlation between the two is detemiined and 
assigned a first weight value. For each patient known to be treatable by the 
regimen, the first weight values over ail projections are summed. For a given 
patient known to be treatable by the regunen, this yields a sum indicative of the 

treatability, with respect to the particular regimen, ofthe patient under assessment, 
relative to the given patient. 

Note that this process can also be used to select a particular treatment 
fi-om among a set of options. The process can be repeated, for example, in relation 
to a second treatment regimen. This would result m a weight value, known herein 
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as a second weight value, for each projection and each of one or more patients 
known to be treatable with the second regimen. For a given patient known to be 
treatable by the second regimen, summing the second weight values over all 
projections yields a second sum. This latter sum would be indicative of the 
treatability of the patient under assessment, with respect to the second regimen, 
relative to the given patient. First sums and second sums can then be compared 
to evaluate the relative treatability of the patient with respect to the first and 
second treatment regunens. If, for example, the projections are more similar to 

patients treatablebyoneregimen than to patients treatable by the second, then this 
suggests that the first treatment regimen should be chosen. By analogy, this 
method can be extended to a plurality of treatment regimens, so that the relative 
treatability of the patient can be assessed with respect to this plurality of regimens. 

B. Assessment of Progress During Treatment 

An embodiment of the invention can also be used to assess the progress 
of a patient undergomg treatment for a neurological disorder, hi this embodiment, 
projections of a patient*s ERP data are created. The projections are compared to 
one or more characterizing ERP signal vectors of one or more other patients, 
respectively, where the other patients each have some known neurological 
condition. If the comparison reveals some degree of similarity between the 
condition of the patient under assessment and the condition of the other patient(s), 
then conclusions can be drawn as to the condition of the patient under assessment. 
If, for example, there is similarity between the condition of the patient under 
assessment and the condition of a patient who is neurologically healthy, this might 
suggest unprovement in the condition of the patient under assessment. On the 
other hand, anotherpatientmay be afflicted with the same disorder for which the 
patient under assessment is being treated. Here, similarity between the condition 
of the patient under assessment and the condition of the afflicted patient might 
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suggest a lack of improvement in the condition of the patient under assessment. 
Alternatively, another patient may have some other condition, one that represents 
apotential side effect of the treatment being used on the patient under assessment 
Here, similarity between the condition of the patient under assessment and the 
condition of the patient suffering from the side effect might suggest the presence 
of the side effect in the patient tmder assessment. 

An embodiment of the invention, as applied to assessment of a patient's 
progress under treatment, is illustrated in FIG. 7. The process begins with a step 
705. In steps 710 through 720, ERP data is collected, characterized, and 
processed to produce projections. These steps are analogous to steps 1 1 0 through 
1 20 of FIG. 1 . A determination can then be made as to the progress of the patient 
underassessment. In the illustrated embodiment, this is done in a step 725. Here, 
each projection is compared with information derived from one or more other 
patients. Inan embodiment of the invention, each projection is compared with one 
or more characterizing ERP signal vectors from one or more other patients, 
respectively. For each of the characterizing ERP signal vectors of the other 
patients, the degree of correlation between the characterizing ERP signal vector 
and each projection is determined. Each correlation is assigned a progress weight 
value. 

Adding together the progress weight values over all projections with 
respect to the characterizing ERP signal vector of a given patient yields aprogress 
sum that can be indicative of the condition of the patient under assessment, 
relative to the condition of the given patient. The summation process can be 
repeated with respect to the other patients as well. This yields a progress sum 
with respect to each of the other patients. As described above, the progress sums 
can faciUtate inferences as to the progress of the patient under assessment. 



Discerning Side Effects of Treatment 
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An embodiment of the invention can also be used to assess whether a 
patient undergoing treatment for a neurological disorder is experiencing side 
effects. This embodiment also allows assessment of the nature and extent of the 
side effects. In this embodiment, projections of a patient's ERP data are created 
and compared to characterizing ERP signal vectors of one or more other patients, 
where these patients each have a known neurological condition, e.g., a condition 
that represaits apossible side effect of the treatment. The degree of sunilarity (or 
dissimilarity) between the projections and the characterizing ERP signal vectors 
of these other patients provides infonnation suggesting the nature and degree of 
these side effects in the patient under assessment. 

An embodiment of the invention, as applied to assessment of side effects 
experienced by a patient, is illustrated in FIG. 8. The process begins with a step 
805. In steps 810 through 820, ERP data is collected, characterized, and 
processed to produce projections. These steps are analogous to steps 1 1 0 through 
120 of FIG. 1 . A determination is then made as to whether (and to what extent) 
the patient is likely suffering from any of a variety of side effects of a particular 
treatment regimen. In the embodiment illustrated, this is done in a step 825 by 
comparing the projections to information derived from the ERP data of one or 
more other patients. At the time the ERP data was collected from these other 
patients, these patients were known to have certain neurological conditions. For 
example, they may have been experiencing side effects from the treatment regimen 
in question. In one embodiment, the projections are compared to characterizing 
ERP signal vectors of the other patients. For each projection and each 
characterizing ERP signal vector of another patient, a degree of correlation 
between the projection and the characterizing ERP signal vector of the other 
patient is determined and assigned a side effect weight value. For each of the 
other patients, the side effect weight values over all projections with respect to the 
characterizing ERP signal vector of the other patient are added together. This 
yields a set of side effect sums, where each sum is indicative of the similarity of the 
condition of the patient under assessment to the side effect associated with one of 
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the other patients. This allows evaluation of whether the patient under assessment 
is likely experiencing a particular side effect or combination of side effects, and the 
extent to which any given side effect is bemg experienced. 

D. Evaluation of a Novel Treatment 

While the invention can facilitate the assessment of a patient, the invention 
may also be used in the assessment of treatments themselves. By observing the 
response of a patient to a novel treatment, observations can be made about the 
treatment. If, for example, it is suspected that a given drug causes or tends to 
cause a certain side eflfect, this suspicion can be confirmed or refuted by using this 
process to assess a group of test patients. In addition, this process can be used to 
establish the likelihood that patients will experience a certain side effect, again, by 
using this mvention to assess a group of test patients. This process also pennits 
the discovery of new side effects if, for example, a test patient's projections fail 
to correlate to ERP data associated with known side effects. 

In this embodiment of the invention, projections of a test patient's ERP 
data are created and compared to characterizing ERP signal vectors of one or 
more other patients, where these patients each have a known neurological 
condition. The degree of similarity (or dissimilarity) between the projections and 
the characterizing ERP signal vectors of these other patients provides information 
suggesting the effect of the treatment on the test patient. 

An embodiment of the invention, as applied to assessment of the results of 
a treatment regimen, is iUustrated in FIG. 9. The process begms with a step 905. 
In steps 910 through 920, ERP data is collected, characterized, and processed to 
produce projections. These steps are analogous to steps 1 1 0 through 1 20 of FIG. 
1. A determination is then made as to the test patient's likely neurological 
condition as a result of the treatment regimen. In the embodiment illustrated, this 
is done in a step 925 by comparing the projections to information derived from the 
ERP data of one or more other patients. At the time the ERP data was collected 
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from these other patients, they were known to have certain neurological 
conditions. For example, some may have been experiencing some foim of 
neurological disorder, or some may have been neurologically healthy. In one 
embodiment, the projections are compared to characterizing ERP signal vectors 
of the other patients. For each projection and each characterizing ERP signal 
vector of anothw patient, a degree of correlation between the projection and the 
characterizing ERP signal vector of the other patient is determined and assigned 
a comparison weight value. 

For each of the other patients, the comparison weight values over all 
projections with respect to the charactraizing ERP signal vector of the other 
patient are added together. This yields a set of comparison sums, where each 
comparison sum is indicative of flie sunilarity of the condition of the test patient 
to the condition of one of the other patients. This allows assessment of the 
neurological condition of the test patient resulting fix)m the treatment regimen and 
therefore allows characterization of the treatment's effects. 

E. Generalized Application 

When generalized, the invention allows the processing of a body of 
information so as to permit conclusions about whether flie infonnation can be 
associated with a particular category or condition. Such an approach can be used, 
for example, in imaging or signal processing, where an image or signal must be 
identified or categorized, A general process for this is illustrated in FIG. 10. The 
process 1000 begins with a step 1005. In a step 1010, the information to be 
evaluated is collected. In a step 101 5, projections of the collected information are 
created. Projections are formed, in general, by characterizing the collected 
mformation and eliminating portions of the characterization. This step projects the 
characterized information into infonnation subspaces. The projections can then 
be compared to known standards in a step 1020, where the standards are 
representative of categories or conditions with which the information may be 
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associated. In a step 1025, the results of the comparisons are used to reach 
conclusions about whether the collected information can be associated with one 
of the categories or conditions represented by the standards of step 1020. The 
process concludes with a step 1030. 

IV. Environment 

The present invention may be implemented using hardware, software or 
a combination thereof and may be implemented in a computer system or other 
processing system. An example of such a computer systeml 100 is shown in 
FIG. 11. The computer systemlOOO includes one or more processors, such as 
processorl004. The processor 1104 is connected to a communication 
infrastructure! 106, suchas abus ornetwork). Various software implementations 
are described in terms of this exemplary computer system. After reading this 
description, it will become apparent to a person skilled in the relevant art how to 
implement die invention usmg other computer systems and/or computer 
architectures. 

Computer system 1 100 also includes a main memory 1 108, preferably 
random access memory (RAM), andmay also includeasecondaiy memory 1 1 10. 
The secondary memory 1 1 10 may include, for example, a hard disk drive 1 1 12 
and/or a removable storage drive 1114, representing a floppy disk drive, a 
magnetic tape drive, an optical disk drive, etc. The removable storage drive 1114 
reads from and/or writes to a removable storage unit 1 1 18 in a well known 
manner. Removable storage unit 1118, represents a floppy disk, magnetic tape, 
optical disk, or other storage medium which is read by and written to by 
removable storage drive 1 1 14. As will be appreciated, tiie removable storage unit 
1118 includes a computer usable storage medium having stored tiierein computer 
software and/or data. 

In alternative implementations, secondaiy memory 1 1 1 0 may include otiier 
means for allowing computer programs or other instructions to be loaded into 
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computer system 1100. Such means may include, for example, a removable 
storage unit 1 122 and an interface 1 120. Examples of such means may include a 
program cartridge and cartridge interface (such as that found m video game 
devices), a removable memory chip (such as an EPROM, or PROM) and 
associated socket, and other removable storage units 1 122 and interfaces 1 120 
which allow software and data to be transferred from the removable storage unit 
1 1 22 to computer system 11 00. 

Computer system 1 100 may also include a communications interface 1 124. 
Conununications interface 1124 allows software and data to be transferred 
between computer system 1100 and external devices. Examples of 
communications interface 1 1 24 may include a modem, a network mterface (such 
as an Ethemet card), a communications port, a PCMCIA slot and card, etc. 
Software and data transferred via communications interface 1 1 24 are in the form 
of signals 1 128 which may be electronic, electromagnetic, optical or other signals 
capable of being received by communications interface 1 1 24. These signals 1 128 
are provided to communications interface 1 124 via a communications path (i.e., 
channel) 1 126. This channel 1 126 carries signals 1 128 and may be implemented 
using wire or cable, fiber optics, aphone line, a cellular phone link, an RF link and 
other communications channels. In an embodiment of the invention, signals 1 128 
comprise ERP signals collected from a patient and characterizing ERP signal 
vectors from known healthy and afflicted patients. Alternatively, this mfonnation 
can be provided to computer system 1 100 from secondary memory 1110. 

In this document, the terms "computer program medium" and "computer 
usable medium" are used to generally refer to media such as removable storage 
units 1 1 18 and 1 122, a hard disk instaUed in hard disk drive 1 1 12, and signals 
1 128. These computer program products are means for providing software to 
computer system 1 100. 

Computer programs (also called computer control logic) are stored in main 
memory 1 1 08 and/or secondary memory 1110. Computer programs may also be 
received via conununications interface 1 124. Such computer programs, when 
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executed, enable the computer system 1 1 00 to implement the present invention as 
discussed herein. In particular, the computer programs, when executed, enable the 
processor 1 1 04 to implement the present invention. Accordingly, such computer 
programs represent controllers ofthe computer system 1 100. Where the invention 
is implemented using software, the software may be stored in a computer program 
product and loaded into computer system 1 100 using removable storage drive 
1114, hard drive 1 1 12 or communications interface 1 124. In an embodimoit of 
the present invention, steps 1 ISthrough 135offlowchart 100 can be implemented 
in software and can therefore be made available to processor 1 104 through any of 
these means. Analogously, steps 615 through 625 offlow chart 600, steps 715 
through 725 offlow chart 700, stq)s 815 through 825, and steps 915 through 925 
offlow chart 900 can be implemented in software and can therefore be made 
available to processor 1 104 through any of these means. 

V. Conclusion 

While various embodiments of the present invention have been described 
above, it should be understood that they have been presented by way of example, 
and not limitation. It will be apparent to persons skilled in the relevant art that 
various changes in detail canbemade therein without departing fiomthe spiritand 
scope ofthe invention. Thus the present invention should not be limited by any 
ofthe above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. 
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What Is Claimed Is: 

1 . A method of diagnosing a neurological disorder, comprising the 
steps of: 

(a) performing a plurality of evoked response potential (ERP) 
trials on a patient under assessment; 

(b) generatmg a plurality of projections of ERP data, wherein 
the ERP data is derived from the plurality of ERP trials performed on the patient 
under assessment; and 

(c) determining the presence of the neurological disorder by a 
weighted vote process that is based on the projections. 

2. The method of claun 1 , wherein said step (a) comprises the step of 
repeating an ERP trial approximately once eveiy one to two seconds, for 
approximately two minutes. 

3 . The method of claim 1 , further comprising the step of : 

(d) characterizing ERP signals obtained from the plurality of 
trials performed on the patient under assessment, to produce a characterizing ERP 
signal vector for the patient under assessment; 

wherein said step (d) is performed after said step (a) and before said step (b), and 
wherem said step (b) comprises generating a plurality of projections of the 
characterizing ERP signal vector of the patient under assessment 

4. The method of claim 3, wherein said step (d) comprises the steps 

of: 

(i) for each ERP trial, concatenating the signals received by 
electrodes of an ERP trial apparatus in a predetermined order to form a 
concatenated signal; 
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(ii) for each ERP trial, sampling the concatenated signal at a 
predetermined sampling rate, to form a vector of amplitude values for each ERP 
trial; and 

(iii) averaging corresponding amplitude values taken from each 
vector, to form a characterizing ERP signal vector of the patient under 
assessment 

5. The method of claim 4, wherein said step ii) comprises sampling 
each concatenated signal approxunately once eveiy 10 milliseconds. 

6. The method of claim 3, whwein said step (b) comprises randomly 
deleting components of the characterizing ERP signal vector of the patient under 
assessment to create the projections. 

7. The method of claim 3, wherein said step (b) comprises deleting 
components of the characterizing ERP signal vector of the patient under 
assessment according to a detenninistic algorithm to create the projections. 

8. The method of claim 1 , wherein said step (c) comprises the step of: 
(i) comparing each projection with characterizing ERP signal 

vectors from other patients, to produce comparison results for each projection. 

9. The method of claim 8, wherein said step (i) comprises comparing 
each projection with at least one characterizing ERP signal vector from at least 
one patient, respectively, known not to be afflicted with the neurological disorder. 

10. The method of claim 8, wherein said step (i) comprises comparing 
each projection with at least one characterizing ERP signal vector from at least 
one patient, respectively, known to be afflicted with the neurological disorder. 
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11. The method of claim 8, wherein said step (c) comprises the 
steps of: 

(i) deriving a healthy weight value for each projection and each 
characterizing ERP signal vector from a healthy patient, wherein the healthy 
weight value is determined by a degree of correlation between the projection and 
the characterizing ERP signal vector from the healthy patient, such that a greater 
degree of correlation between the projection and the characterizing ERP signal 
vector from the healthy patient corresponds to a larger healthy weight value; 

(ii) deriving a disorder weight value for each projection and 
each characterizing ERP signal vector from a patient known to have the 

neurological disorder, wherein the disorder weight value isdeterminedbyadegree 
of correlation between the projection and the characterizing ERP signal vector 
from the patient known to have the neurological disorder, such that a greater 
degree of correlation between the projection and the characterizing ERP signal 
vector from the patient known to have the neurological disorder coiresponds to 
a larger disorder weight value; 

(iii) for each characterizing ERP signal vector from a healthy 
patient, summing the healthy weight values for all projections, to produce a 
healthy sum corresponding to the associated healthy patient; 

(iv) for each characterizing ERP signal vector from a patient 
known to have the neurological disorder, summing the disorder weight values for 
all projections, to create a disorder sum corresponding to the associated patient 
known to have the neurological disorder; 

(v) comparing the healthy sums and the disorder sums; and 

(vi) deciding on the probable presence of the neurological 
disorder based on whether any of the disorder sums is greater than any of the 
healthy sums. 
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12. A computer program product comprising a computer usable 
medium having computer readable program code means embodied in the medium 
for causmg an application program to execute on a computer that facilitates the 
diagnosis of a neurological disorder, the computer readable program code means 
comprising: 

(a) first computer readable program code means for causing 
the computer to characterize evoked response potential (ERP) signals obtained 
fix)m aplurality of ERP trials conducted on apatient under assessment, to produce 
a characterizing ERP signal vector of the patient under assessment; 

(b) second computer readable program code means for causing 
the computer to generate a plurality of projections of the characterizing ERP 
signal vector of the patient under assessment; 

(c) third computer readable program code means for causing 
the computer to compare each projection with characterizing ERP signal vectors 
fiom other patients; and 

(d) fourth computer readable program code means for causing 
the computer to determine the probable presence of the neurological disorder by 
a weighted vote process that is based on comparison results of each projection. 

13. A method of determining treatability, with respect to a first 
treatment regimen, of apatient underassessment, the method comprising the steps 
of: 

(a) performing a plurality of evoked response potential (ERP) 
trials on the patient under assessment; 

(b) generating a plurality of projections of ERP data, wherein 
the ERP data is derived from the plurality of ERP trials performed on the patient 
under assessment; and 

(c) assessing the likely responsiveness of the patient under 
assessment to the first treatment regiment, as indicated by the projections. 
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14. The method of claim 1 3 , wherein said step (a) comprises the step 
of repeatmg an ERP trial approximately once every one to two seconds, for 
approximately 2 minutes. 

15. The method of claim 13, further comprising the step of: 

(d) characterizing ERP signals obtained from the plurality of 
trials performed on the patient under assessment, to produce a characterizmg ERP 
signal vector of the patient under assessment; 

wherein said step (d) is performed after said step (a) and before 
said step (b), and wherein said step (b) comprises generating a plurality of 
projections of the characterizing ERP signal vector of the patient under 
assessment. 

1 6. The method of claim 1 5 wherein said step (d) comprises the steps 

of: 

(i) for each ERP trial performed on the patient under 
assessment, concatenating the signal received by electrodes of an ERP trial 
apparatus in a predetermined order, to form a concatenated signal; 

(ii) for each ERP trial performed on the patient imder 
assessment, sampling the concatenated signal at a predetermined sampling rate, 
to form a vector of amplitude values for each ERP trial; and 

(iii) averaging conesponding amplitude values taken from each 
vector, to form a characterizing ERP signal vector of the patient under 
assessment. 

1 7. The method of claim 1 6, wherein said step (ii) comprises sampling 
each concatenated signal approximately once every ten milliseconds. 
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1 8. The method of claim 1 5, wherein said step (b) comprises randomly 
deleting components of the characterizing ERP signal vector of the patient under 
assessment to create the projections. 

1 9. The method of claim 1 5, wherein said step (b) comprises deleting 
components of the characterizing ERP signal vector of the patient under 
assessment according to a deterministic algorithm to create the projections. 

20. The method of claim 13, wherein said step (c) comprises the step 

of: 

(i) comparing each projection with at least one characterizing 
ERP signal vector from at least one patient, respectively, known to be treatable 
by the first treatment regimen. 

2 1 . The method of claim 13, wherein said step (c) comprises the steps 

of: 

(i) for each projection and each of at least one characterizing 
ERP signal vector from each of at least one patient, respectively, known to be 
treatable by the first treatment regimen, deriving a first weight value that is 
determined by a degree of correlation between the projection and the 
characterizing ERP signal vector from the patient known to be treatable by the 
first treatment regimen; 

(ii) for each characterizing ERP signal vector fix)m a patient 
known to be treatable by the first treatment regimen, summing the first weight 
values for all projections to produce a first sum; and 

(iii) deciding on the probable responsiveness of the patient 
under assessment to the first treatment regimen, based on 
the first sums. 
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22. The method of claim 2 1 , wherein said step (c) fiirther comprises 
the steps of: 

(iv) for each projection and each of at least one characterizing 
ERP signal vector from at least one patient, respectively, known to be treatable 
by a second treatment regimen, deriving a second weight value for each 
projection, wherein the second weight value is determined by a degree of 
correlation between the projection and the characterizing ERP signal vector from 
the patient known to be treatable by the second treatment regimen; 

(v) for each characterizing ERP signal vector from a patient 
known to be treatable by the second treatment reghnen, summing the second 
weight values for all projections, to produce a second sum; 

(vi) comparing the first sums and the second sums; and 

(vii) deciding on the likely responsiveness of the patient under 
assessment to the first treatment regimen, relative to the likely responsiveness to 
the second treatment regimen, based on the first and second sums. 

23. A computer program product comprismg a computer usable 
medium having computer readable program code means embodied in the medium 
for causing an application program to execute on a computer that facilitates the 
assessment of the likely responsiveness of a patient under assessment to a 
treatment regimen, the computer readable program code means comprismg: 

(a) first computer readable program code means for causing 
the computer to characterize evoked response potential (ERP) signals obtamed 
&om aplurality of ERP trials, to produce a characterizing ERP signal vector of the 
patient under assessment; 

(b) second computer readable program code means for causing 
the computer to generate a plurality of projections of the characterizing ERP 
signal vector of the patient under assessment; 
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(c) third computer readable program code means for causing 
the computer to compare each projection with characterizing ERP signal vectors 
from other patients; and 

(d) fomth computer readable program code means for causing 
the computer to determine the probable treatability of the patient havmg a 
neurological disorder with respect to the treatment regimen, where the 
determination is based on comparison results of each projection. 

24. A method of monitoring the response, to a treatment regimen, of 
a patient being treated for a neurological disorder, the method comprising the 
steps of: 

(a) performing a plurality of evoked response potential (ERP) 
trials on the patient being treated; 

(b) generating a plurality of projections of ERP data, wherein 
the ERP data is derived from the plurality of ERP trials performed on the patient 
being treated; and 

(c) assessing the current condition of the patient being treated, 
as indicated by the projections, after beginning the treatment regimen. 

25 . The method of claim 24 wherein said step (a) comprises the step 
of repeatmg an ERP trial approximately once every one to two seconds, for 
approximately two minutes. 



26. The method of claim 24, further comprising the step of: 

(d) characterizing ERP signals obtained from the plurality of 

trials performed on the patient being treated, to produce a characterizing ERP 

signal vector of the patient being treated; 

wherein said step (d) is performed after said step (a) and before 

said step (b), and wherein said step (b) comprises generating a plurality of 

projections of the characterizing ERP signal vector of the patient being treated. 
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27. The method of claim 26, wherein said step (d) comprises the steps 

of: 

(i) for each ERP trial, concatenating the signals received by 
electrodes of an ERP trial apparatus in a predetermined order to form a 
concatenated signal; 

(ii) for each ERP trial, sampling the concatenating signal at a 
predetermined samplmg rate, to form a vector of amplitude values for each ERP 
trial; and 

(iii) averaging corresponding amplitude values taken from each 
vector, to form a characterizing ERP signal vector of the patient being treated. 

28. The method of claim 27 wherein said step (ii) comprises sampling 
each concatenated signal approximately once every ten milliseconds. 

29. The method of claim 26, wherein said step (b) comprises randomly 
deleting components of the characterizing ERP signal vector of the patient bemg 
treated, to create the projections. 

30. The method of claim 26, wherein said step (b) comprises deleting 
components of the characterizing ERP signal vector of the patient being treated, 
wherein deletions are performed according to a deterministic algorithm to create 
the projections. 

3 1 . The method of claim 24, wherein said step (c) comprises the step 

of: 

(i) comparing each proj ection with at least one characterizing 
ERP signal vector from at least one patient, respectively, wherein each such 
patient has a known neurological condition. 
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32. The method of claim 3 1 , wherein said step (i) comprises the steps 

of: 

(A) for each of at least one characterizing ERP signal vector 
from at least one patient, respectively, and for each projection, deriving aprogress 
weight value, wherein the progress weight value is determined by a degree of 
correlation between the projection and the characterizing ERP signal vector fiom 
a patient having a known neurological condition; 

(B) for each of at least one characterizing ERP signal vector 
fix)m at least one patient, respectively, summing the progress weight values for all 
projections, to produce a progress sum; and 

(C) deciding on the probable current condition of the patient 
being treated, based on the progress sums. 

33. The method of claim 3 1, wherein step (i) comprises the step of 
comparing eachprojection with at least one characterizing ERP signal vectorfrom 
at least one patient, respectively, wherein at least one such patient comprises a 
patient who is neurologically healthy. 

34. The method of claim 3 1 , wherein step (i) comprises the step of 
comparii^ each projection with at least one characterizing ERP signal vector fiom 
at least one patient, respectively, wherein at least one such patient comprises a 
patient who is afflicted with the neurological disorder ofthe patient being treated. 

35. A computer program product comprising a computer usable 
medium having computer readable code means embodied in the medium for 
causing an application program to execute on a computer that facilitates the 
assessment of a current condition of a patient being treated for a neurological 
disorder after beginning a treatment regimen, the computer readable code means 
comprising: 
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(a) first computer readable program code means for causing 
the computer to characterize evoked response potential (ERP) signals obtained 
from a plurality of ERP trials performed on the patient being treated, to produce 
a characterizing ERP signal vector of the patient being treated; 

(b) second computer readable program code means for causing 
the computer to generate a plurality of projections of the characterizing ERP 
signal vector of the patient being treated; 

(c) third computer readable program code means for causing 
the computer to compare each projection with characterizing ERP signal vectors 
from other patients; and 

(d) foiulh computer readable code means for causing the 
computer to determine the probable current condition of the patient bemg treated, 
where the determination is based on comparison results of each projection. 

36. A method of assessing a patient with respect to the nature and 
extent of side effects experienced in response to a treatment regimen, wherein the 
patient is being treated for a neurological disorder, the method comprising the 
steps of: 

(a) performing a plurality of evoked response potential (ERP) 
trials on the patient under assessment; 

(b) generating a plurality of projections of ERP data, wherein 
the ERP data is derived fix)m the plurality of ERP trials performed on the patient 
under assessment; and 

(c) assessing the nature and extent of the side affects as 
indicated by the projections. 

37. The method of claim 36 wherein said step (a) comprises the step 
of repeating an ERP trial approximately once every one to two seconds, for 
approximately two minutes. 
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38. The method of claim 36, further comprising the step of: 

(d) characterizing ERP signals obtained from the plurality of 
trials performed on the patient under assessment, to produce a characterizing ERP 
signal vector of the patient under assessment; 

wherein said step (d) is perfomed after said step (a) and before 
said step (b), and wherein said step (b) comprises generating a plurality of 
projections of the characterizing ERP signal vector of Ihe patient under 
assessment. 

39. The method of claim 3 8, wherein said step (d) comprises the steps 

of: 

(i) for each ERP trial, concatenating the signals received by 
electrodes of an ERP trial apparatus in a predetermined order to form a 
concatenated signal; 

(ii) for each ERP trial, sampling the concatenated signal at a 
predetermined sampling rate, to form a vector of amplitude values for each ERP 
trial; and 

(iii) averaging corresponding amplitude values taken from each 
vector, to form a characterizing ERP signal vector of the patient under 
assessment. 

40. The method of claim 39, wherein said step (ii) comprises sampling 
each concatenated signal approximately once every ten milliseconds. 

41. Themethod ofclaim 38, wherein said step (b) comprises randomly 
deleting components of the characterizing ERP signal vector of the patient under 
assessment to create the projections. 
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42. The method of claim 3 8, wherein said step (b) comprises deleting 
components of the characterizmg ERP signal vector of the patient under 
assessment according to a detenninistic algorithm to create the projections. 

43. The method of claim 36, wherein step (c) comprises the step of: 
(i) comparingeachprojectionwithatleastonechaiacterizing 

ERP signal vector ftom at least one patient, respectively, wherein the at least one 
patient has at least one known neurological condition, respectively. 

44. The method of claim 43, wherem step (i) comprises the steps of: 

(A) for each characterizing ERP signal vector from a patient 
having a known neurological condition and for each projection, deriving a side 
effect weight value, wherein each side effect weight value is determined by a 
degree of correlation between the projection and the characterizing ERP signal 
vector of the patient having a known neurological condition; 

(B) for each characterizing ERP signal vector from a patient 
having a known neurological condition, summing the side affect weight values for 
all projections to produce a side effect sum; and 

(C) deciding on the probable nature and extent of the side 
effects, based on the side effect sums. 



45. A computer program product comprising a computer usable 
medium having computer readable program code means embodied in the medium 
for causing an application program to execute on a computer that facilitates the 
assessment of the nature and extent of side affects resulting from a treatment 
regimen, the computer readable program code means comprising: 

(a) first computer readable program code means for causing 
the computer to characterize evoked response potential (ERP) signals obtained 

fromapluralityofERP trials performedonapatient under assessment, to produce 
a characterizing ERP signal vector of the patient under assessment; 
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(b) second computer readable program code means for causing 
the computer to generate a plurality of projections of the characterizing ERP 
signal vector of the patient under assessment; 

(c) third computer readable program code means for causing 
the computer to compare each projection with characterizing ERP signal vectors 
from other patients; and 

(d) fourth computer readable code means for causing the 
computer to determine the probable nature and extent of side affects resulting 
from the treatment regunen, wherein the detemination is based on comparison 
results of each projection. 

46. A method of assessing the results of a treatment regimen for a 
neurological disorder, comprising the steps of: 

(a) performing a plurality of evoked response potential (ERP) 
trials on a test patient afflicted with the neurological disorder and treated with the 
test regimen; 

(b) generating a plurality of projections of ERP data, wherein 
the ERP data is derived from the plurality of ERP trials perfonned on the test 
patient; and 

(c) determining the neurological condition of the test patient 
as indicated by the projections. 

47. The method of claim 46 wherein said step (a) comprises the step 
of repeating an ERP trial approximately once eveiy one to two seconds, for 
approximately two minutes. 



wo 01/10298 



PCTAJSOO/22441 



-34. 

48. The method of claim 46, ftirther comprising the step of: 

(d) characterizing ERP signals obtained from the plurality of 
trials perfonned on the test patient, to produce a characterizing ERP signal vector 
of the test patient; * 

wherein said step (d) is performed after said step (a) and before 
said step (b), and wherein said step (b) comprises generating a plurality of 
projections of the characterizing ERP signal vector of the test patient 

49. TTie method of claim 48, wherein said step (d) comprises the steps 

of: 

(i) for each ERP trial, concatenating the signals received by 
electrodes of an ERP trial apparatus in a predetermined order to form a 
concatenated signal; 

(ii) for each ERP trial, sampling the concatenated signal at a 
predetermined sampling rate, to form a vector of amplitude values for each ERP 
trial; and 

(iii) averaging corresponding amplitude values taken from each 
vector, to form a characterizing ERP signal vector of the test patient. 

50. The method of claim 49, wherein said step (ii) comprises sampling 
each concatenated signal approximately once every ten milliseconds. 

51. The method of claim 48, wherein said step (b) comprises randomly 
deleting components of the characterizing ERP signal vector of the test patient to 
create the projections. 

52. The method of claim 48, wherein said step (b) comprises deleting 
components of the characterizing ERP signal vector of the test patient according 
to a deterministic algorithm to create the projections. 
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53. The method of claim 46, wherein step (c) comprises the step of: 
(i) comparing each projection with at least one characterizing 

ERP signal vector from at least one patient, respectively, wherein the at least one 
patient has at least one known neurological condition, respectively. 

54. The method of claim 53, wherein step (i) comprises the steps of: 

(A) for each characterizing ERP signal vector from a patient 
having a known neurological condition, and for each projection, derivmg a 
comparison weight value, wherein each comparison weight value is determined by 
a degree of correlation between the projection and the characterizing ERP signal 
vector of the patient having a known neurological condition; 

(B) for each characterizing ERP signal vector from a patient 
having a known neurological condition, summing the comparison weight values 
for all projections to produce a comparison sum; and 

(C) characterizing the effects of the treatment regimen, based 
on the comparison sums. 

55. A computer program product comprising a computer usable 
medium having computer readable program code means embodied in the medium 
for causing an application program to execute on a computer that facilitates the 
assessment of the results of a treatment regunen for a neurological disorder, the 
computer readable program code means comprising: 

(a) first computer readable program code means for causing 
the computer to characterize evoked response potential (ERP) signals obtained 
from a plurality of ERP trials performed on a test patient to produce a 
characterizing ERP signal vector of the test patient; 

(b) second computer readable program code means for causing 
the computer to generate a plurality of projections of the characterizing ERP 
signal vector of the test patient; 
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(c) third computer readable program code means for causing 
the computer to compare each projection with characterizing ERP signal vectors 
from other patients; and 

(d) fourth computer readable code means for causing the 
computer to determine the probable neurological condition of the test patient 
result from the treatment regimen, wherein the determination is based on 
comparison results of each projection. 

56. A method of evaluating information, comprising the steps of: 

(a) collecting information to be evaluated; 

(b) projecting the information into a plurality of information 
subspaces to form a plurality of projections; 

(c) comparing the projections to a plurality of known standards 
to produce comparison results; and 

(d) usmg the comparison results to reach conclusions regarding 
the association of the uiforaiation widi the known standards. 
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